Abstract. Henslow's Sparrows (Ammodramus henslowii) are distributed in tallgrass prairies in central North America; however, this species is restricted further to specific habitats within these prairies-large expanses with relatively little woody vegetation but an accumulation of standing grasses and forbs, conditions that result from infrequent disturbances by fire, mowing, or grazing. Henslow's Sparrows have been documented to be unpredictable at breeding sites from year to year, but studies to date have considered only local spatial scales. We compared resettlement behavior (prevalence of occurrence and variation in abundance) of Henslow's Sparrows to that of two other grassland sparrows, Grasshopper Sparrows (A. savannarum) and Savannah Sparrows (Passerculus sandwichensis), across multiple spatial resolutions. In Henslow's Sparrows, prevalence was lower and variation in abundance was greater than in the other two species. Indeed, Henslow's Sparrows do not occur consistently at extents of less than 120 000 km 2 , suggesting nomadic characteristics of where they breed from year to year. We suggest that these patterns reflect Henslow's Sparrows' responses to frequently changing habitat, such that this species is tracking spatiotemporal changes in optimal habitat that result from disturbances broadly across regional landscapes. Sparrow, Henslow's Sparrow, population, prevalence, Savannah Sparrow, nomadism, variation. 
INTRODUCTION
Henslow's Sparrows (Ammodramus henslowii) breed in remnants of tallgrass prairie and similar grassland habitats scattered across the Midwest and portions of northeastern North America (Pruitt 1996 , Herkert et al. 2002 . This species, once common (Robbins et al. 2002) , is now recorded only infrequently on North American Breeding Bird Survey (BBS) routes across much of its original breeding range . Its breeding habitat, formerly relatively contiguous in prairies and coastal marshes from the northeastern seaboard to the western limit of tallgrass prairie (Hyde 1939 , Pruitt 1996 , is now patchy, with few documented core areas. Henslow's Sparrows are not only uncommon, they are also unpredictable in grasslands that appear suitable (Hyde 1939 , Wiens 1969 , Skipper 1998 . For example, for reasons unclear, this species may be present one year but not return to the area in subsequent years, even though the vegetation appears unchanged. Dornak (2010) found that on BBS routes, Henslow's Sparrow breeding sites were less predictable from year to year than those of the Grasshopper (A. savannarum) and Savannah (Passerculus sandwichensis) sparrows. That study concluded that Henslow's Sparrows were possibly nomadic because birds were not consistently resettling at the same sites for breeding.
Nomadism is the irregular or undirected dispersal of individuals following patchy and unpredictably available resources across a landscape (Sinclair 1984 , Dean 1997 . It is in effect temporal turnover of populations (Allen and Saunders 2002) . Nomadism can occur among individuals, groups of individuals, or entire populations (Andersson 1980) , and across multiple spatial scales (Dean 1997) . It is most commonly observed in species that live in highly variable environments, such as the North American grasslands (Bragg 1995) , where the ability to track resources (e.g., food or suitable nesting sites) and colonize new breeding areas quickly in response to changing environmental conditions is advantageous (Cody 1985, Igl and Johnson 1999 ) Dornak (2010) analyzed nomadism only at one spatial scale, so it remains unclear if these grassland sparrows are nomadic over multiple scales and (most importantly) at what scales the differences in prevalence between them are manifested. In this study we investigate these questions by comparing the occurrence and variation in abundance patterns of Henslow's, Grasshopper, and Savannah sparrows at spatial resolutions spanning six orders of magnitude (0.5-511 360 km 2 ). We chose these three species for comparison because they nest primarily in grassland (Vickery et al. 1999) , their tolerances of grassland succession differ (Wheelwright and Rising 1993 , Vickery 1996 , Powell 2006 , and their levels of fidelity to nest sites differ (Bédard and LaPoint 1984 , Skipper 1998 , Jones et al. 2007 . Although these species differ with respect to microhabitat preferences, here we focus on each species' predictability of occurrence within its respective microhabitat.
METHODS STUDY AREA
Our analysis was restricted to the overall known extent of Henslow's Sparrows' breeding occurrence as recorded by the BBS (Fig. 1) , which subsumes the site-to-site variation that is the subject of this paper. Although Grasshopper and Savannah sparrows have wider breeding distributions, restricting the area analyzed to the distribution of Henslow's Sparrows reduces variation resulting from irrelevant processes manifested beyond the range of the focal species (Dornak 2010) . The reduced area covers 2.1 × 10 6 km 2 and is dominated by agriculture, both pasture and croplands, interspersed with patches of woodlands, shrub, wetlands, urban and developed areas, fallow pastures, and native prairie.
OCCURRENCE DATA
We extracted occurrence data from the BBS database ). The BBS is conducted annually along >4000 roadside census routes across the U.S., southern Canada, and northern Mexico, and it is the only broad-scale, standardized, long-term system that monitors trends of breeding bird in North America . Each 39.5-km route has 50 stops (observation points) distributed every 0.8 km. Each year at a time appropriate for the region (~June in the range of Henslow's Sparrow), observers record all birds seen or heard at each stop for 3 min . We used 50 BBS routes per species, representing almost all routes (see below) on which Henslow's Sparrows have been detected and paralleling past analyses (Dornak 2010) . Although the system is not without inherent bias, the BBS is the only standardized database for rangewide studies of North American birds, so BBS data are most appropriate as the basis for our analyses. To control for biases in observer consistency (Dornak 2010) , we used only data from BBS routes run by a single observer across the study period, which reduced the sample size of routes on which Henslow's Sparrow has been detected to 50. We used two metrics to describe the species' yearly resettlement patterns: prevalence of occurrence and coefficient of variation in abundance (Dornak 2010) . Prevalence of occurrence describes the consistency of resettlement of an area by the species over multiple years. We calculated it by dividing the total number of years that a species was observed on a route by the total years that the route was surveyed. The coefficient of variation of numbers of individuals of the species detected is a standardized metric of variation, calculated as standard deviation divided by the mean abundance.
SPATIAL RESOLUTION GRADIENT
All analyses are based on regroupings of records of the three species within and among stops on BBS routes for development of a multiple-scale approach crossing orders of magnitude. We analyzed data (1) below the spatial scale of a BBS route by creating subgroups of BBS stops, (2) at the route level, and (3) above the route level by combining routes within regions (Fig. 2) . That is, within each BBS route in the sample, the finest resolution was represented by the individual stop (each representing sampling of ~0.5 km 2 ), which we grouped into 25 pairs of consecutive stops (~1.1 km 2 per pair). For successively broader spatial scales, we aggregated stops into 10 groups of 5 stops (~3.1 km 2 per group), 5 groups of 10 stops (~6.3 km 2 per group), 2 groups of 25 stops (~15.9 km 2 per group), and finally the full BBS route (~32 km 2 ; Fig. 2 ). We developed coarser resolutions by dividing Henslow's Sparrow's range into quadrants of equal area, in three steps, yielding 4 regions of 510 000 km 2 , 16 of 126 000 km 2 , and 64 of 31 000 km 2 (Fig. 2) . We analyzed all three species' occurrences across this same suite of areas. In this way, prevalence and variability could be visualized across a spectrum of spatial resolutions and extents ranging from 0.5 km 2 to 0.5 × 10 6 km 2 , or 6 orders of magnitude of area. The route-based areas and the quadrant-based areas are not completely compatible and consistent with one another, as the smaller quadrants varied in number of routes and thoroughness of sampling. For this reason, we based one confirmatory rarefaction test only on extents at and below that of entire routes (see below).
STATISTICAL ANALYSIS First, we tested all levels for normality and homogeneity of variances. Because most samples were either not normally distributed or their variances were not homogeneous, we used nonparametric analyses throughout. Kruskal-Wallis ranksum tests to assess differences between species at various resolutions within the original data sets (i.e., not the rarefied data sets, see below); when differences were significant, we used post hoc Mann-Whitney U-tests to differentiate between groups of species. We considered results of Kruskal-Wallis significant at α = 0.05. To control for type I errors with multiple significance tests, we applied Bonferroni corrections to all Mann-Whitney U-tests so report their results as significant at α = 0.0167. Statistical analyses were performed with SPSS, FIGURE 1. Breeding Bird Survey routes reporting the Henslow's (a1), Grasshopper (b1), and Savannah (c1) sparrows (1) and the subset (a2, b2, c2) used in our analyses, restricted to routes within the Henslow's Sparrow's breeding range and with a single observer. Prevalence values were plotted across the spectrum of spatial resolutions as curves connecting (0, 0) (no area, no presence) and (510 000 km 2 , 1) (full range, constant presence). As a hypothetical example, these curves would be highly convex in a species such as the American Robin (Turdus migratorius) with a pattern of very consistent local occurrence but concave in highly nomadic species with consistent occurrence only at broad extents (Fig. 3) . To compare these curves in terms of their concave versus convex nature, and bearing in mind that the same data that make up the data for one spatial resolution contribute data at the next coarser resolution, making different resolutions non-independent, we calculated the area under each species' curve as a means of building comparisons across spatial scales. To permit statistical comparisons of these areas, we used a 50% bootstrap subsampling of the data from which the curves are estimated (i.e., the stop-level BBS data) to generate 1000 replicates from which we generated distributions of areas reflecting the intrinsic variability in the data. To avoid violating assumptions of independence, we used area-under-the-curve analysis to consider all resolutions concurrently. We also applied this method to coefficients of variation of abundance values to compare differences among the species. For these calculations we used programs developed by N. Barve that are available upon request from the authors. in Illinois. Second inset shows specific BBS stops where Henslow's Sparrows were recorded on one example route. Bottom: illustration of groups of stops and routes used in comparisons across spatial resolutions.
FIGURE 3. Patterns of prevalence across spatial scales. Top: hypothetical examples, illustrating the range of variation from the American Robin (Turdus migratorius) (ubiquitous and constantly present at most sites) to the fabled Ivory-billed Woodpecker (Campephilus principalis), which never seems to be in any particular place. Bottom: patterns observed in the three species of grassland sparrows.
TESTS FOR BIASES
Henslow's Sparrows are observed less often per BBS stop and are more difficult to detect than either Grasshopper or Savannah sparrows (Dornak 2010 ). Henslow's Sparrows also appear to be less abundant than the other two species analyzed herein. We argue that the effects of the differences in detection and abundance are similar, such that, within our analyses, a species with low detectability will present a pattern of occurrence similar to that of one with low abundance. We conducted tests to verify that the low prevalence of Henslow's Sparrows is not simply a consequence of lower numbers of individuals or lower detectability of similar numbers of individuals. To this end, we treated detection and abundance as a single phenomenon and subsampled occurrences of Grasshopper and Savannah sparrows at the stop level across the study period to produce a data set that matched abundances overall to the Henslow's Sparrow BBS data. Because we resampled randomly from Grasshopper and Savannah sparrow occurrence data to equal Henslow's Sparrow abundances, we effectively manipulated overall numbers without changing the spatial structure; then, we tested whether that spatial structure differed by species. We reassembled rarefied data sets into sets of presence-absence data and analyzed them as described above. Because of the random nature of the resampling method, abundances at some stops were reduced, but abundances were eliminated entirely at other stops. We randomized and repeated the resampling to generate 200 rarefied data sets each for Grasshopper and Savannah sparrows. We believe that our methods of reducing the abundances of Grasshopper and Savannah sparrows also reduced the effects of detection differences among the species, such that prevalence patterns in our results reflect natural phenomena and not density biases. We restricted these analyses to area under the curve and did not repeat the Kruskal-Wallis and Mann-Whitney U-test comparisons. We constructed spatial resolutions and associated prevalence values from the rarefied data as described above and calculated median prevalence for each resolution; however, owing to inconsistencies between the route-based and quadrant-based data, we did these analyses only for resolutions at and below the route level. We calculated areas under the curve for each rarefied subset, applying the same parameters used with the original data sets. To consider intrinsic variability in the data underlying each curve for each of these 200 rarefied data sets per species, we again used 50% bootstrap subsampling to generate 1000 randomized values. We averaged these 1000 bootstrap values and created a histogram of the distribution of each of the 200 rarefied data sets. We compared the observed area for Henslow's Sparrows to those of the bootstrapped distributions. Because the data in the coarser (regional) resolutions mask patterns that emerge at finer resolutions, and in light of the inconsistencies of resolutions noted above for levels above the route, we limited this analysis to resolutions of 0.5 km 2 (stop) through 32 km 2 (route).
RESULTS

PREVALENCE OF OCCURRENCE
At most spatial resolutions, prevalence was lowest for Henslow's Sparrows and higher for the other two species. Differences between species were significant at all spatial resolutions (P < 0.001) except 125 000 km 2 (P = 0.185) and 510 000 km 2 (Table  1) . Analysis for the latter resolution did not merit further consideration because all species had a median prevalence of 1.0, so no differences could be detected. At all resolutions at or below 31 000 km 2 , however, the prevalence of Henslow's Sparrows was significantly lower than that of Savannah and Grasshopper sparrows (P < 0.01, Table 1 ). The consistency with which Henslow's Sparrows returned to sites at these extents varied: 22% (0.5 km 2 ), 50% (32 km 2 ), and 63% (31 000 km 2 ); the species was not consistently present (i.e., prevalence >75%) at sites until the resolution was broadened to cover 126 000 km 2 . Grasshopper and Savannah sparrows were consistently prevalent at much finer resolutions, the 32-km 2 (87%) and 3.1-km 2 (77%) resolutions, respectively (Fig. 3) . The prevalence of Grasshopper Sparrows was significantly lower than that of Savannah Sparrows at all resolutions through 32 km 2 (Table 1, Fig. 3 ). However, as mentioned above, these comparisons are complicated because prevalences at different spatial resolutions are not independent of one another.
The comparisons of prevalence curves offer a means of comparing the species without the complication of non-independence of successive spatial resolutions. In all, the curves differed significantly (P < 0.001). The Henslow's Sparrow curve was significantly lower than those curves of Grasshopper (z = -38.72; P < 0.001) and Savannah (z = -38.72; P < 0.001) sparrows; similarly, the Grasshopper Sparrow curve was lower than that of Savannah Sparrows (z = -21.95; P < 0.001).
Finally, we used rarefaction analyses to check that the differences in prevalence described above were not an artifact of overall lower abundance and/or detectability. We found that, at least at finer spatial resolutions, Henslow's Sparrow prevalences were still significantly (P < 0.005) less consistent than either of the other two species, even when the abundances of the other two species were rarefied (Fig. 4) . As a result, we conclude that the less consistent occurrence of Henslow's Sparrows is indeed a reality, and not an artifact.
VARIATION IN ABUNDANCE
Significant differences among species in tests for variation in abundance were found at only two resolutions, 32 km 2 (P = 0.049) and 126 000 km 2 (P = 0.005; Table 1 ). At 32 km 2 , the ranked variability in abundance of Grasshopper Sparrows (median = 0.43) was higher than that of Savannah Sparrows (0.32, P = 0.010). At 126 000 km 2 , the ranked variability of Henslow's Sparrows (0.53) was higher than that of Savannah Sparrows (0.23, P = 0.002; Table 1 ). At 126 000 km 2 , variation in Grasshopper Sparrows (0.41) was almost significantly larger than that of Savannah Sparrows (P = 0.017; Table 1 ).
Comparisons of areas under curves revealed significant differences between species (P < 0.001). The Henslow's Sparrow curve was significantly higher than that of both Grasshopper (z = -25.79; P < 0.001) and Savannah (z = -38.72; P < 0.001) sparrows; hence, Henslow's Sparrow abundance was more variable than that of the other grassland sparrows. The curve for Grasshopper Sparrows was significantly higher than that for Savannah Sparrows (z = -38.72; P < 0.001; Fig. 5 ). We did not conduct rarefaction manipulations for population variation because of confusion over how best to manipulate individual occurrences in this case.
DISCUSSION COMPARISONS OF SPECIES
Across their geographic distribution, Henslow's Sparrows do not use breeding areas consistently from year to year; as a consequence, their prevalence of occurrence was significantly lower than that of Grasshopper and Savannah sparrows at most spatial resolutions analyzed. At local scales (0.5 km 2 ), prevalences were low for all three species; however, as spatial resolution coarsened, prevalences of Grasshopper and Savannah sparrows increased, but that of Henslow's Sparrows remained low. Indeed, Henslow's Sparrows returned to entire BBS routes (30 km 2 ) in only 50% of years sampled and were at times conspicuously absent even from broader regions (31 000 km 2 at 63% prevalence). Statistical comparisons at individual resolutions, though informative, violate assumptions of independence between tests; therefore, the area under the curve may better characterize the prevalence of occurrence of the three species across multiple spatial resolutions. The prevalence curve of Henslow's Sparrows was more concave-the area beneath the curve was less-than the curves of Savannah and Grasshopper sparrows, supporting the idea that Henslow's Sparrows are indeed less prevalent than the other grassland sparrows. These results were confirmed even after adjustment for the three species' differences in detectability or abundance.
No clear pattern emerged from tests of differences in variation between species at individual spatial resolutions; at only two spatial resolutions were differences between species significant. The area under the curve proved to be more useful, showing that Henslow's Sparrows were more variable overall (highest curve) than either Grasshopper or Savannah sparrows, the latter species having the lowest variation (lowest curve). Henslow's Sparrows thus showed the most variation in year-to-year abundance, and of the three species its prevalence was lowest. Savannah Sparrows, conversely, showed the smallest variation in abundance and the highest prevalence of occurrence.
Results from this study corroborate patterns of occurrence suspected by previous researchers (Hyde 1939 , Wiens 1969 , Skipper 1998 ) and documented in a preliminary manner by Dornak (2010) . Not only are Henslow's Sparrows less prevalent and more variable than the other two sparrow species, but they are not predictably present until extents of 120 000 km 2 are considered; these contrasts among species are not simple consequences of lower abundance or detectability. So, then, why is Henslow's Sparrow's prevalence lower than that of Grasshopper and Savannah sparrows across multiple spatial resolutions, when, in our study area, all three species are obligate grassland nesters? These observations might indicate that too much habitat exists for too few FIGURE 4. Top: frequency of mean bootstrapped values of area under the prevalence curve across 6 spatial resolutions (0.5-32 km 2 ) for rarefied population data for the Grasshopper and Savannah sparrows and the observed value for Henslow's Sparrow. Bottom: median prevalence by spatial resolution of rarefied abundance data for the three species. individuals to fill (Cody 1985) or some unusual life-history strategy adapted to life in a spatially and temporally dynamic landscape.
Our results support strongly the hypothesis that Henslow's Sparrows are nomadic in successive breeding seasons across multiple spatial resolutions. Nomadism is a special form of dispersal that is characterized by irregular movements of individuals, groups of individuals, or whole populations to different areas from year to year or within a season (Sinclair 1984 , Dean 1997 ). Nomadism develops most commonly when limiting resources fluctuate spatiotemporally and become patchy and unpredictably available across a region (Sinclair 1984 , Dean 1997 .
Nomadism has a variety of predictors that appear to be linked to spatial scales. At fine scales, factors such as age, mate loss (Newton and Marquis 1982) , unsuccessful attempts to breed in a previous year (Harvey et al. 1979 , Greenwood and Harvey 1982 , Newton and Marquis 1982 , and conspecific attraction (Stamps 1987 , 1988 , Ahlering et al. 2006 ) can influence whether an individual or group of individuals returns to the area in which it previously bred. At broader scales, factors such as regional weather patterns (Wiens 1986 , Johnson and Grier 1988 , Kantrud and Faanes 1979 , precipitation in arid landscapes (Davies 1984, Dorfman and Kingsford 2001) , and land use (Milton et al. 1994 ) affect resource distributions and may affect population variation and a species' regional distribution. Some factors have cross-scale influences; food resources, for example, can cause fine-scale movements of birds tracking insects' emergence (Dean 1997) or broad-scale variability in species following abundant seed masts (Andersson 1980 , Sinclair 1984 , Dean 1997 or high densities of microtine rodents (Martin 1989, Korpimäki and Norrdahl 1991) .
We suspect that Henslow's Sparrows may be responding to multiple factors causing nomadic movements across spatial scales (Allen and Saunders 2006) . At finer resolutions, patchto-patch movements may be the result of conspecific attraction and patch-level land uses. Henslow's Sparrows are loosely colonial (Hyde 1939 , Wiens 1969 and may require an aggregation of conspecifics to settle an area, or use presence of conspecifics to make decisions about the suitability of a patch (Stamps 1987 , 1988 , Ahlering et al. 2006 . Patch-level disturbance may also result in year-to-year variation in settlement: Henslow's Sparrow habitat occurs primarily on managed lands (Herkert et al. 1996) where burning, grazing, and haying are common disturbances and may alter the habitat's suitability between management units. Recently (i.e., around 1 year) disturbed areas are not optimal for Henslow's Sparrows (Powell 2006) , although some males may use such areas (Swengel 1996, Herkert and Glass 1999) . As time since disturbance accumulates, plant biomass (standing live, dead, and thatch) increases, and the habitat becomes more attractive. Over succeeding years, more males establish territories, increasing abundance on the patch and conspecific attraction. When the habitat is disturbed once again, however, habitat suitability is reduced and the cycle is repeated. Therefore, in species that select habitats regulated by short disturbance cycles, prevalence of occurrence should be lower and annual variation in abundance should be higher, particularly when the spatial grain of the disturbance regime is large (Robbins et al. 2002 ). Henslow's Sparrows are known not to return to sites where they previously nested although the sites appear unchanged. We propose that conspecific attraction may influence their settlement before individuals return sites used the previous year (i.e., opportunistic settling; Johnson and Grier 1988) .
At broader spatial scales, weather patterns and regional variation in land use may also contribute to the prevalence patterns we identified across spatial resolutions. In the interior of the U.S., year-to-year variation in precipitation and temperature is great (Bragg 1995) . Grasslands respond to extreme or unseasonable weather (e.g., drought or late springs) rather quickly (Wiens 1986) , and this response can influence the distributions of opportunistic species across broad areas (Igl and Johnson 1999) . Land-use change (i.e., conversion of native grasslands to rangeland or hayfields) has altered the structure, species diversity, density, and biomass of these grasslands and created patch-level homogeneity within management units (Fuhlendorf and Engle 2001) . The result may be all-or-nothing suitability when extreme weather affects the growth and structure of the vegetation and consequently the timing of haying or burning of these lands region-wide. Although we did not analyze annual weather patterns or the spatiotemporal variability of managed grasslands, we suspect that interactions of these factors contribute to the broad-scale movements of Henslow's Sparrows from year to year.
Nomadism is most common in species that specialize on a particular food resource or whose food occurs ephemerally (Andersson 1980 , Sinclair 1984 , Dean 1997 , frequent in arid/ semi-arid environments (Davies 1984) . Northern Harriers (Circus cyaneus, Martin 1989), Boreal Owls (Aegolius funereus, Korpimäki et al. 1987) , and Short-eared Owls (Asio flammeus, Korpimaki and Norrdahl 1991) feed on microtine rodents whose populations fluctuate cyclically or randomly; White Ibises (Eudocimus albus) track emergence of invertebrates from shallow and ephemeral wetlands (Frederick and Ogden 1997) . We believe that Henslow's Sparrows are unusual in that their nomadism may be associated solely with the spatial and temporal patchiness of suitable breeding area related directly to structural characteristics of the vegetation, not to distribution of food resources. Grassland sparrows, including the species analyzed, feed primarily on insects during the breeding season (Wheelwright and Rising 1993 , Vickery 1996 , Herkert et al. 2002 . Because this resource is typically superabundant (Wiens 1974, Rotenberry and Wiens 1980) and shared among the species, it is not likely a cause Henslow's Sparrow's nomadism. Instead, Henslow's Sparrows appear to be tracking disturbance cycling across the landscape (Dornak 2010) , essentially moving among resource "hot spots" (Cody 1985) , characterized by patches that have been idle or only lightly disturbed in ≥2 years (Powell 2006) . We are unaware of other species nomadic for reasons not related directly or indirectly to the distribution and availability of food resources.
Why then, in our study area, are Henslow's Sparrows nomadic but Grasshopper and Savannah sparrows are not? We attribute this contrast to the species' differences in breadth of preferred habitat. Grasshopper and Savannah sparrows, which do use native prairies, also exploit grazed, cultivated, or hayed fields, even occupying shrubby areas and marshes in portions of their ranges (Graber 1968 , Owens and Myers 1973 , Vickery 1996 , Dale et al. 1997 . These species tolerate more divergence from pristine grassland, as well as different (particularly earlier) stages of grassland succession, such that they can take advantage of more recently disturbed areas. Nomadism may be energetically expensive and result in delayed nesting, and even nest failure, should individuals not find suitable sites. For species with broader habitat preferences, like those of Grasshopper and Savannah sparrows, philopatry is advantageous, as familiarity with an area increases the probability of finding food, defending a territory from conspecifics, and avoiding predators (Hinde 1956 ). It should not be surprising then, that the prevalences of these species are greater than that of Henslow's Sparrows.
The support for nomadism in Henslow's Sparrows is strong. We believe it unlikely that the patterns we present reflect other phenomena, such as population cycling, rather than low permanence and mobile populations. Population cycling is the regular fluctuation of populations on multi-year cycles, best documented in microtine rodents; predators that specialize on them become synchronized with these cycles (Lack 1954, Ims and Steen 1990) . These cycles are regulated by food and nutrient variability (Lack 1954, Batzli and Pitelka 1971) and predator-prey interactions (Lack 1954) . Although population cycling could be represented as low prevalence, it is not an adequate explanation for the patterns we observed. First, as noted above, food resources are not highly variable but superabundant (Wiens 1974, Rotenberry and Wiens 1980) . Second, for predation to regulate Henslow's Sparrow populations, (1) the species should have specialized predators, which it does not; it is preyed upon by generalist, opportunistic species (Wray et al. 1982, Pietz and Granfors 2000) , or (2) its populations should reach peak densities (Lack 1954) , which they have not over the period of available data . What is more, those predators that do commonly parasitize or depredate grassland ground-nesting birds are more common and have a greater effect on species that nest nearer edges. Henslow's Sparrows select for sites away from edges and thus are less affected by predation and nest parasitism (Herkert 1994a , Pruitt 1996 , Winter et al. 2000 . Third, other factors shown to regulate populations in cycling species, such as disease outbreaks or density-dependent crashes, have never been recorded in Henslow's Sparrows. Fourth, if Henslow's Sparrow populations do cycle, over the years, the BBS would show both positive and negative trends; instead, it suggests small declines to somewhat stable populations ).
CAVEATS
Our results may have been influenced by several factors. First, the sample of the broadest resolution (510 000 km 2 ) was very small (n = 4), which likely influenced both determination of true variation in abundance and strength of hypothesis testing at that extent. Moreover, variation in abundance of both Grasshopper and Henslow's sparrows peaked at 126 000 km 2 . These values surely contributed to differences found in both between-resolution and scale-independent analyses; it is unknown whether these values are random artifacts of smaller samples sizes or imperfect detection (Royle et al. 2005) or whether they truly represent patterns at these resolutions, since we found no such spike in Savannah Sparrows.
On the basis of results of previous analyses (Dornak 2010) , some biases inherent in the BBS (change of observer, geographic influences, and nonconsecutive years) were addressed within our methods. However, certain factors, such as detectability, differences in abundance, and observers' ability to sample grassland habitats, may affect population comparisons based on observational data. Henslow's Sparrows are visually and behaviorally cryptic (Hyde 1939) , which may impair detection. When they are not singing, they are difficult or impossible to detect. When they do sing, however, they perch atop vegetation, and their songs-although short and insectlike (Hyde 1939 )-carry across the grassland over distances of at least 150 m (pers. obs.); therefore, detections based on song alone may not be a limiting factor with Henslow's Sparrows. Still, the species may not be recorded consistently because the 3 min at each BBS stop may not be long enough to encompass the singing of all males present at that stop (Diefenbach et al. 2007 ). This factor along with a possible decline in frequency of singing after mates pair (Leftwich and Ritchison 2000) , may make Henslow's Sparrows difficult to detect, especially since BBS routes in Henslow's Sparrow's range are surveyed in June, after pair bonds have formed . To assuage these concerns, we rarefied the data sets for Grasshopper and Savannah sparrow occurrences to mimic abundances and detectability of Henslow's Sparrows, then used these subsampled data sets to test for biases within our analyses. Differences in abundance and detection are similar population phenomena -even if low detectability implies more individuals present, we see no reason why those individuals would be detected with a clumped spatial structure. Hence our rarefaction mimicked both lower numbers of individuals and lower detectability, yet differences among species were still apparent. Reducing the data sets did lower the prevalence curves of Grasshopper and Savannah sparrows, but not sufficiently to change the results of the cross-scale analysis. We thus conclude that differences of detectability and abundance between these species did not bias the qualitative results of our analyses.
A final consideration is that all BBS routes are located along roads. Forman et al. (2002) found that grassland birds avoid habitat adjacent to roads with heavy traffic. However, these findings were specific to roads with >15 000 vehicles per day. BBS routes, on the other hand, are generally located along rural roads with light traffic , which are less likely to inhibit either the observers' ability to hear singing males or the sparrows' use of habitat near the fence line (pers. obs.). Henslow's Sparrows, however, may avoid roadsides if fence lines are heavy with woody vegetation, since it decreases the habitat's attractiveness, exacerbating any detection problems (Patten et al. 2006) .
CONSERVATION IMPLICATIONS
Henslow's Sparrow populations have declined over much of the species' distribution , apparently in response to habitat loss and fragmentation (Pruitt 1996) . Some surveys have shown a recent reversal of this trend, reporting stable or increasing populations for specific states (e.g., Illinois; Herkert 2007b), in wintering populations (National Audubon Society 2002), and even distribution-wide (T. R. Cooper, pers. comm.; . Although these reports are promising, they do not consider substantial losses in coming years in grasslands under the Conservation Reserve Program that currently function to augment Henslow's Sparrow breeding habitat and that may be responsible for recent population recovery (Cooper 2007 , Herkert 2007a .
A central goal of planning for conservation of Henslow's Sparrow in its breeding range is to manage grassland habitat so as to allow for sustained or growing populations (T. R. Cooper, pers. comm.) . An assumption underlying this goal, however, is that the annual cycle of Henslow's Sparrow is typical of insectivorous songbirds in this region: migration to breeding range, territory selection and establishment, pair formation and nesting, and migration to winter range. If territory selection and establishment cannot be predicted consistently because of multi-scale nomadism, as in the case of Henslow's Sparrows, however, special efforts must be made to design a configuration of patches of suitable habitat that accounts for this behavior.
At finer scales, techniques such as patch rotation should be encouraged to increase patch-level heterogeneity, which may be more compatible with the species' nomadic movement. Patch rotation on a 3-year cycle limits cattle stocking to a subset of the pasture, allows for structural development of herbaceous vegetation, and restricts woody growth, all of which promote habitat suitable for breeding Henslow's Sparrows (Wiens 1969 , Herker fft 1994b , Powell 2006 . This management regime considers the pattern of spatial and temporal disturbance that creates the shifting mosaic and "out-of-phase" succession across patches and should support locally nomadic populations of Henslow's Sparrows Engle 2001, 2004) . Traditionally, core areas (>800 ha) fall under "large-scale" management (Sample et al. 2003) ; however, we suggest that these areas need to be managed to promote patchlevel heterogeneity.
In light of the species' nomadism, at regional scales focus should be on the configuration of locally managed areas integrated across broader regions. Ideally, these efforts would create a landscape-level mosaic of moderately sized and well-dispersed habitat patches and would buffer the effects of extreme weather. This configuration should help to support regionally nomadic populations that do not nest consistently within core areas. What is more, broad-scale management for Henslow's Sparrows that incorporates this mosaic of shifting patches will benefit species that use other phases of grassland succession. Fuhlendorf and Engle (2001) suggested that species that use remarkably different habitat co-occur across the grasslands thanks to the habitat's temporal and spatial heterogeneity. We suspect that this management regime would have far-reaching, positive effects on avian diversity in North American grasslands. For management at this scale to be implemented efficiently and with limited financial costs and wasted effort, detailed and dynamic maps of suitable breeding habitat across Henslow's Sparrow's full distribution will be necessary, maps that will have to take local landscape dynamics into account directly.
